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test and must contain 25 per cent of acetone and 5 
per cent of pyrogenic matter. As regards the benzine, 
the name may be somewhat misleading, as this term 
may be used for petrol benzine as well as for the coal
tar product, but these two are not the same. �he 
standard benzine is not very well defined in character. 
It is obtained from the distillation of coal-tar, and 
contains the hydrocarbons which pass over at tem
peratures lying between 300 and 382 deg. F. There
fore it is a complex product, but at the same time it 
has always about the same composition, this being in 
percentage the same as acetylene, and after naphtha
line it is the hydrocarbon which contains the largest 
amount of carbon. In order that alcohol should be 
admitted for denaturation, it must have at least 90 

per cent strength and at the same time must not 
contain more than 10 per cent of essential oils, amyl 
alcohol, etc. 

The above is the standard denaturation method 
which is used generally' in the case of alcohol em
ployed for light, heat, and motive power. For alcohol 
which is to be used in certain industries where the 
odor of the above products would be objectionable, we 
find other methods which have been admitted, and 
are fixed by the regulations. For instance, alcohol 
which is to be used for varnish contains no benzine, 
and the rules require 10 per cent of standard methyl 
spirit and at least 4 per cent of shellac or other resin. 
Alcohol for the manufacture of ether is considered 
denaturized if it contains 10 per cent of sulphuric 
acid at 66 deg., the mixture to have been heated to 
176 deg. F. For chloral hydrate, a current of chlorine 
gas is sent through the alcohol, and after this pro
cess it must show at least 6 pounds of chloral hydrate 
per gallon of alcohol. 

Another ferm of standard denaturized alcohol is the 
carbureted alcohol which is now extensively used ill 
internal combustion motors. As it was found that 
certain products such as benzine could be added to 
great advantage t o  alcohol so as to increase its heat
prol]ucing capacity [or mot�rs, the fiscal regulations 
were enlar�ed so as to include this class of product. 
The use of alcohol for automobile motors is one of 
the leading questions in France and efforts have been. 
made to promote the question as much as possible, 
so as to diminish the amount of imported pettol. Ac
cording to Baudry de Saunier, from whom we take 
some of the above figw-es, the calorific power of pure 
alcohol is low. Where gasoline has a heat capacity of 
8,260 calories per liter, alcohol shows only 4,850 cal
ories, as it is lacldng in carbon and hydrogen. Ex
perimenters searched for a remedy to this, and found 
it in the addition of benzine to the alcohol in the 
proportion of 50 per cent. This gives a stable mixture 
and we now have 7,850 calories, which comes very 
near the amount for gasoline. 

M. Lepretre was one of the first to determine the 
proper kind of carburant for the alcohol so as to 
give the best results in the automobile motor. Coal
tar benzine seems to be the best product for use with 
motors, but it is also mixed with other hydrocarbons 
such as toluene and xylene. By using these products 
in connection with alcohol, M. Lepretre obtained a 
carbureted alcohol which he calls electrine. It is 
largely used upon the automobile motors in France 
which run by alcohol. In such motors it is the car
bureted alcohol which is now used almost exclusively. 
as it is found to be superior to pure alcohol. The 
views which we show here illustrate the various pro
cesses of the manufacture of electrine. 

Before leaving the subject of the composition of 
oenaturized alcohol we may compare the methods 
which are used in France with those which Germany 
hal:> adopted. EXclusive of the carbureted alcohol 
just mentioned , the French standard product for light, 
heat and power cOllf':ists of 10.5 parts of denaturant 
added to 100 parts of alcohol. This is a large propor
tion when we compare it with the amount required in 
Germany, which is 21h per cent of denaturant, and it 
may be asked why there should be such a difference. 
The cause lies in the means which the governments 
have of detecting frauds, and owing to the better 
organization of the police department in Germany the 
frauds can be sought out much more easily and at 
the same time the penalties are heavier. In France 
such a system cannot be applied so well, owing to 
various reasons, so that it is necessary to increase the 
amount of denaturant. This is not from lack of means 
to detect the presence of the denaturant, however, as 
by M. Trillat's method we can detect very small quan
titjes of methyl spirit. 

The question of the fiscal tax upon alcohol is of 
course a vital one as regards the industrial use of this 
product. We may say a few words about the system 
which is now applied in France to industrial alcohol. 
Regulations have been adopted so as to favor its use 
and encourage the adoption of the home product in 
favor of imported petroleum. Industrial alcohol is 
now exempt from the octroi or municipal entry tax 
for Pa ris and other cities, while petrol pays $0.145 

per galion. Denaturized alcohol also receives a sub
sidy of $6.48 per 100 gallons of pure alcohol in order 
to pay for the cost of the denaturant. This system 
was adopted in 1901, and the state recovers this ex
pense by placing a tax upon all the alcohol produced 
by the distilleries. This tax is variable from year to 
yea r, and is determined by the amount of alcohol 
which has been denaturized. At present the tax is 
$1.16 per 100 gallons, and is paid upon the whole 
amount of alcohol produced in France. 

Inasmuch as the denaturation process is a most 
simple one, and does not require any heating or other 
apparatus, the denaturation plants as they are now 
operated in France do not reqnire a large outfit. All 

that is needed is a mixing vat for the products and 
a series of tanks to h old the denaturized alcohol. From 
the tanks it is run into cans or metal casks for ship
ment. The denaturizing process is carried out in all 
cases under the supervision of government inspectors, 
who examine and gage all the products which are 
used. To avoid the municipal tax upon the pure 
alcohol, the factories are located outside the cities in 
all cases. The present views were taken in M. Le
pretre's establishment, which is the principal one in 
the region o f  Paris and is located in the suburbs. In 
closing, we may say that the carbureted alcohol known 
as electrine, which is manufactured here, has been 
very successful for internal combustion motors and is 
used on a large number of automobiles. It 'has been 
adopted on the new system of automobile passenger 
omnibus which is n ow running in Paris. Great credit 
for the success of alcohol in France should be given 
to M. Lepretre, owing to his persevering efforts during 
the pioneer period, when he was one of the few to 
recognize the importance of the question. 

PRIZE AWARDED BY .GOVERNMENT, $10,000. 

The official denaturant which is now used in France, 
while presenting a certain number of good features, 
also shows some disadvantages, especially when ap
plied to internal combustion motors. The government 
is looking for a denaturant which will be free from 
these weak points, and as this is not easy to find, it 
has recently offered two prizes of considerable im
portance. These will be awarded by the Minister of 
Finance. The first prize of $4,000 will be given to 
the person who discovers a denaturant which is more 
advantageous than the present one and which offers 
to the treasury all the guarantees against fraud. A 
second prize of $10,000 will be awarded for the dis
covery of a system of utilizing alcohol for lighting, 
under the same conditions as petroleum. The commis
sion which has been appOinted for the purpose has 
fixed the programme to be fulfilled by the competitors 
as follows: As regards the denaturant: 1. It should 
give an odor and a flavor which prevent its use for 
drinking purposes. 2. It is not to have an odor which 
is too strong and disagreeable such as would hinder the 
use of alcohol for domestic and induBtrial purposes, 
excluding the use of acetylene, asafcetida and similar 
substahces. 3. The denaturant is not to be formed 
of a solid substance which will leave a deposit upon 
lamp wicks, etc., and will hinder the combustion of 
the alcohol, such as salt, sulphate of soda, alum, picric 
acid, etc. 4. It cannot be formed of a substance which 
is much more volatile than alcohol or which is less 
volatile. Outside of other disadvantages, this would 
flliow of separating it by fractional distillation. Among 
the substances which are to be excluded for this rea
son are ether, carbon disulphide, light coal-tar pro
ducts, in the more volatile class, and in the second 
class, turpentine, phenol , petroleum, etc. 5. It should 
not contain any substance which can attack the metal 
parts of lamps or motors, such as ammonia, nitro
benzol, sulphuric acid, etc. 6. The denaturant must 
not be poisonous, like bichloride of mercury, arseniate 
of soda, aniline, etc., nor contain vegetable poisons 
such as aconite. 7. The substance should be sufficient
ly economical not to hinder the industrial and do
mestic uses of denaturized alcohol. 8. It should not 
exist normally in the commercial alcohols. 9. The 
presence of the substance in the denaturized alcohol 
must be easily and surely detected. 10. It should be 
Inore advantageous than the present denaturant and 
offer to the treasury all the needed guarantees against 
fraud. As regards the prize of $10,000 for the best 
apparatus for lighting by alcohol, inventors have all 
the needed latitude in this case, provided the system 
allows of utilizing the alcohol in the same conditions 
as petroleum. Inventors should address their proposi
tions, systems, or apparatus, with detailed description 
of the same, to the Chief of Service of the Laboratories 
of the Minister of Finances, 11 Rue de la Douane, 
Paris. 

THE INCREASE OF KNOWLEDGE IN THE SEV
ERAL BRANCHES OF S CIENCE.* 

By PROF. E. RAY LANKESTER, M.A., LL.D., D.Se., 
F.R.S., F.L.S. 

As one might expect, the progress of the knowledge 
of nature (for it is to that rather than to the his
torical, moral , and mental sciences that English
speaking people refer when they use the word "sci
ence") has consisted, in the last twenty-five years, in 
the amplification and fuller verification of principles 
and theories already accepted, and in the discovery 
of hitherto unlmown things which either have fallen 
into place in the existing scheme of each science or 
have necessitated new views, some not very disturb
ing to existing general conceptions, others of a more 
startling and, at first .light, disconcerting character. 
Nevertheless I think I am justified in saying that, 
exciting and of entrancing interest as have been some 
of the discoveries of the past few years, there has 
been nothing to lead us to conclude that we hflve been 
on the wrong path�nothing which is really revolu
tionary; that is to say, nothing which cannot be ac
cepted by an intelligible modification of previous con
ceptions. There is, in fact, continuity and healthy 
evolution in the realm of science. While some on
lookers have declared to the public that science is at 
an end, its possibilities exhausted, and but little of 
the hopes it raised realized, others have asserted, on 
the contrary, that the new discoveries-such as those 
relating to the X-rays and to radium-are so incon
sistent with previous knowledge as to shake the 
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foundations of science, and to justify a belief in any 
and every absurdity of an unrestrained fancy. These 
two reciprocally destructive accusations are due to a 
class of persons who must be described as the enemies 
of science. Whether their attitude is due to ignor
ance or traditions of self-interest, such persons exist. 

New Chemical Elements.-There can be no doubt 
that the past quarter of a century will stand out for 
ever in human history as that in which new chemical' 
elements, not of an ordinary type, but possessed of 
truly astounding properties, were made known with 
extraordinary rapidity and sureness of demonstration. 
Interesting as the others are, it is the discovery of 
radio-activity and of the element radium which so 
far exceeds all others in importance that- we may 
well account it a supreme privilege that it has fallen 
to our lot to live in the days of this discovery. No 
single discovery ever made by the searchers of nature 
even approaches that of radio-activity in respect of the 
novelty of the properties of matter suddenly revealed 
by it. A new conception of the structure of matter 
is necessitated and demonstrated by it, and yet, so 
far from being destructive and disconcerting, the new 
conception fits in with, grows out of, and justifies the 
older schemes which our previous knowledge has form
ulated. 

Before saying more of radio-activity, which is apt 
to eclipse in interest every other topic of discourse, 
I must recall the discovery of the five inert gaseo'is 
elements by Rayleigh and Ramsay, which belongs to 
the period on which we are looking back. It was 
found that nitrogen obtained from the atmosphere in
variably differed in weight from nitrogen ubtained 
from one of its chemical combinations; an d thus the 
conclusion was arrived at by Rayleigh thllt a distinct 
gas is present in the atmosphere to the '3xtent of one 
per cent, which had hitherto passed for nitrogen. 
This gas was separated, and to it the uame argon (the 
lazy one) was given, on account of its incapacity to 
combine with any other element. Subsequently this 
argon was found by Ramsay to be itself impure, and 
from it he obtained three other gaseous elements 
equally inert; namely, neon, krypton, and xenon. 
These were all distinguished from one another by the 
spectrum, the sign-manual of an element given by the 
light emitted in each case by the gas when in an in
candescent condition. A fifth inert gaseous element 
was discovered by Ramsay as a constituent of certain 
minerals which was proved by its spectrum to be 
identical with an element discovered twenty-five years 
ago by Sir Norman Lockyer in the atmosphere of 
the sun, where it exists in enormous quantities. 
Lockyer had given the name (helium) to this new 
solar element, and Ramsay thus found it locked up 
in certflin rare minerals in the crust of the earth. 

But by helium we are led back to radium, for it 
has been found only two years ago by Ramsay and 
Soddy that helium is actually formed by a gaseous 
emanation from radium. Astounding as the state
ment seems, yet that is one of the many unprecedented 
facts which recent study has brought to light. The 
alchemist's dream is, if not realized, at any rate justi
fied. One element is actually under our eyes con
verted into another; the element radium decays into 
a gas which changes into another element, namely 
helium. 

Radium, this wonder of wonders, was discovered 
owing to the study of the remarkable phosphorescence, 
as it is called-the g-lowing without heat-of glass 
vacuum tubes through which electric currents are 
made to pass. Crool,es, Lenard, and Rontgen each 
played an important part in this study, showing that 
peculiar rays or linear streams of at least three dis
tinct kinds are set up in such tubes-rays which are 
themselves invisible, but have the property of making 
glass or other bodies which they strike glow with 
phosphorescent light. T'he celebrated Rontgen rayE. 
make ordinary glass give out a bright green light; 
but they pass through it, and cause phosphorescence 
outside in various substances, such as barium platina
cyanide, calcium tungstate, and many other such 
salts; they also act on a photographic plate and dis
charge an electrified body such as an electroscope. 
But the most remarkable feature about them is their 
power of penetrating substances opaque to ordinary 
light. They will pass th rough thin metal plates or 
black paper or wood, but are stopped by more or 
less dense material. Hence it has been possible to 
obtain "shadow pictures" or skiagraphs by allowing 
the invisible Rontgen rays to pass through a limb or 
even a whole animal, the denser bone stopping the 
rays, while the skin, flesh, an d blood let them through. 
They are allowed to fall (still invisible) on to a 
photographic plate, when a picture like an ordinary 
permanent photograph is obtained by their chemical 
action, or they may be made to exert their phosphor
escence-producing power on a glass plate covered 
with a thin coating of a phosphorescent salt such as 
barium platino-cyanide, when a temporary picture in 
light and shade is seen. 

The rays discovered by Rontgen were known as 
the X-rays, because their exact nature was unknown. 
Other rays studied in the electrified vacuum-tubes 
are known as cathode rays or radiant corpuscles, and 
others, again. as the L enard rays. 

It occurred to M. Henri Becquerel, as he himself 
tells us, to inquire whether other phosphorescent 
bodies besides the glowing vacuum-tubes of the elec
trician's laboratory can emit p�netrating rays like the 
X-rays. I say "other phosphorescent bodies," for this 
power of glowing without heat-of giving out, so to 
speak, cold light-is known to be possessed by many 
mineral substances. It has become familiar to the 
public. in the form of "phosphorescent paint," which 
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contains sulphide of calcium, a substance which shines 
in the dark after exposure to sunlight-that is to say, 
is phosphorescent. Other sulphides and the minerals 
fluor-spar, apatite, some gems, and, in fact, a whol'l 
list of substances have, under different conditions of 
treatment, this power of phosphorescence or shining 
in the dark without combustion or chemical change. 
All, however, require some special treatment, such as 
exposure to sunlight or heat ,or pressure, to elicit the 
phosphorescence, which is of short duration only. 
Many of the compounds of a somewhat uncommon 
metallic element, called uranium, used for giving a 
fine green color to glass, are phosphorescent sub
stances, and it was, fortunately, one of them which 
Henri Becquerel chose for experiment. Henri Bec
querel is professor in the Jardin des Plantes of Paris; 
his laboratory is a delightful old-fashioned building, 
which had for me a special interest and sanctity 
when, a few years ago, I visited him there, for, a hun
dred years before, it was the dwelling house of the 
great Cuvier. Here Henri B'ecquerel's father and 
grandfather-men renowned throughout the world for 
their discoveries in mineralogy, electricity, and light 
-had worked, and here he had himself gone almost 
daily from his earliest childhood. Many an experi
ment bringing new knowledge on the relations of 
light and electricity had Henri Becquerel carried out 
in that quiet old-world place before the day on which, 
about twelve years ago, he made the experimental in
quiry, Does uranium give off penetrating rays like 
Rontgen rays? He wrapped a photographic plate in 
black paper, and on it placed and left lying there for 
twenty-four hours some uranium salt. He had placed 
a cross, cut out in thin metallic copper, under the 
uranium powder, so as to give some shape to the 
photographic print should one be produced. It was 
produced. Penetrating rays were given off by the 
uranium; the black paper was penetrated, and the 
form of the copper cross was printed on a dark 
ground. The copper was also penetrated to some ex
tent by the rays from the uranium, so that its image 
was not left actually white. Only one step more re
mained before Becquerel made his great discovery. 
It was known, as I stated just now, that sulphide of 
calcium and similar substances become phosphores
cent when exposed to sunlight, and lose their phos
phorescence after a few hours. Becquerel thought at 
first that perhaps the uranium acquired its power 
similarly by exposure to light; but very soon, by ex
perimenting with uranium long kept in the dark, he 
found that the emission of penetrating rays, giving 
photographic effects, was produced spontaneously. 
The emission of rays by this particular fragment of 
uranium has shown no sign of diminution since this 
discovery. The emission of penetrating rays by uran
ium was soon found to be independent of its phosphor
escence. Phosphorescent bodies, as such, do not emit 
penetrating rays. Uranium compounds, whether 
phosphorescent or not, emit, and continue to emit, 
these penetrating rays, capable of passing through 
black paper and metallic copper. They do not derive 
this property from the action of light or any other 
treatment. The emission of these rays discovered by 
Becquerel is a new property of matter. It is called 
"radio-activity," and the rays are called Becquerel 
rays. 

From this discovery by Becquerel to the detection 
and separation of the new element radium is an easy 
step in thought, though one of enormous labor and 
difficulty in practice. Prof. Pierre Curie and his wife, 
Madame Sklodowska Curie, incited by Becquerel's dis
covery, examined the ore called pitch-blende which 
is worked in mines in Bohemia and is found also in 
Cornwall. It is the ore from which all commercial 
uranium is extracted. The Curies found that pitch
blende has a radio-activity four times more powerful 
than that of metallic� pranium itself. They at once 
conceived the idea that the radio-activity of the uran
ium salts examined by Becquerel is due not to the 
uranium itself, but to another element present with 
it in variable quantities. This proved to be in part 
true. The refuse of the first processes by which in the 
manufacturer's works the uranium is extracted from 
its ore, pitch-bien de, was found to contain four times 
more of the radio-active matter than does the pure 
uranium. By a long series of fusions, solutions, and 
crystallizations the Curies succeeded in "hunting 
down," as it were, the radio-active element. The first 
step gave them a powder mixed with barium chloride, 
and having 2,000 times the activity of the uranium in 
which Becquerel first proved the existence of the new 
property-radio-activity. Then step by step they puri
fied it to a condition 10,000 times, then to 100,000 
times, and finally to the condition of a crystalline 
salt having 1,800,000 times the activity of Becquerel's 
sample of uranium. The purification could go no fur
ther, but the extraordinary minuteness of the quan
tity of the pure radio-active substance obtained and 
the amount of labor and time expended in preparing 
it may be judged of from the fact that of one ton of 
the pitch-blende ore submitted to the process of puri
fication only the hundredth of a gramme-the one
seventh of a grain-remained. 

The amount of radium in pitch-blende is one ten
millionth per cent; rarer than gold in sea water. The 
marvel of this story and of all that follows consists 
largely in the skill and accuracy with which our 
chemists and physicists have learned to deal with 
such infinitesimal quantities, and the gigantic theo
retical results which are securely posed on this pin
point of substantial matter. 

The Curies at once determined that the minute 
quantity of colorless crystals they had obtained was 
the chloride of a new metallic element with the atomic 

weight 225, to which they gave the name radium. The 
proof that radium is an element is given by its "sign
manual"-the spectrum which it shows to the observer 
when in the incandescent state. It consists of six 
bright lines and three fainter lines in the visible part 
of the spectrum, and of three very intense lines in 
the ultraviolet (invisible) part. A very minute quan
tity is enough for this observation; the lines given 
by radium are caused by no other known element in 
heaven or earth. They prove its title to be entered 
on the roll-call of elements. 

The atomic weight was determined in the usual way 
by precipitating the chlorine in a solution of radium 
chloride by means of silver. None of the precious 
element was lost in the process, but the Curies never 
had enough of it to venture on any attempt to pre
pare pure metallic radium. This is a piece of ex
travagance no one has yet dared to undertake. Alto
gether the Curies did not have more than some four 
or five grains of chloride of radium to experiment 
with, and the total amount prepared and now in the 
hands of scientific men in various parts of the world 
probably does not amount to more than sixty grains 
at most. When Prof. Curie lectured on radium four 
years ago at the Royal Institution in London he 
made use of a small tube an inch long and of one
eightp bore, containing nearly the whole of his preci
ous store, wrenched by such determined labor and 
consummate skill from tons of black, shapeless pitch
blende. On his return to Paris he was one day demon
strating in his lecture room with this precious tube 
the properties of radium when it slipped from his 
hands, broke, and scattered far and wide the most 
precious and magical powder ever dreamed of by 
alchemist or artist of romance. Every scrap of dust 
was immediately and carefully collected, dissolved, 
and re-crystallized, and the disaster averted with a 
loss of but a minute fraction of the invaluable pro
duct. 

Thus, then, we have arrived at the discovery of 
radium-the new element endowed in an intense form 
with the new property "radio-activity" discovered by 
Becquerel. The wonder of this powder, incessantly 
and without loss, under any and all conditions pour
ing forth by virtue of its own intrinsic property 
powerful rays capable of penetrating opaque bodies 
and of exciting phosphorescence and acting on photo
graphic plates, can perhaps be realized when we re
flect that it is as marvelous as though we should dig 
up a stone which without external influence or change, 
continually poured forth light or heat. manufacturing 
both in itself, and not only continuing to do so with
out appreciable loss or change, but necessarily having 
always done so for countless ages while sunk beyond 
the ken of man in the bowels of the earth. 

Wonderful as the story is, so far it is really simple 
and commonplace compared with what yet remains to 
be told. I will only barely and abruptly state the 
fact that radio-activity has been discovered in other 
elements, some very rare, such as actinium and polon
ium; others more abundant and already known, such 
as thorium and uranium. though their radio-activity 
was not known until Becquerel's pioneer discovery. 
It is a little strange and no doubt significant that, 
after all, pure uranium is found to have a radio
activity of its own, and not to have been altogether 
usurping the rights of its infinitesimal associate. 

The wonders connected with radium really begin 
when the experimental examination of the properties 
of a few grains is made. What I am saying here is 
not a systematic, technical account of radium; so I 
shall venture to relate some of the story as it im
presses me. 

Leaving aside for a moment what has been done 
in regard to the more precise exalLination of the rays 
emitted by radium, the following astonishing facts 
ha ve been found out in regard to it: (1) If a glass 
tube containing radium is much handled or kept in 
the waistcoat pocket, it produces a destruction of the 
skin and flesh over a small area-in fact, a sore place. 
(2) The smallest trace of radium brought into a room 

where a charged electroscope is present, causes the 
discharge of the electroscope. So powerful is this 
electrical action of radium that a very sensitive elec
trometer can detect the presence of a quantity of 
radium five hundred thousand times more minute 
than that which can be detected by the spectroscope 
(that is to say, by the spectroscopic examination of a 
flame in which minute traces of radium are present) . 
(3) Radium actually realizes one of the properties 

of the hypothetical stone to which I compared it giv
ing out light and heat. For it does give out heat 
whiCh it makes itself incessantly and without appre
ciable loss of substance or energy ("appreciable" is 
here an important qualifying term ) .  I t  is also faintly 
self-luminous. Fairly sensitive thermometers show 
that a few granules of radium salt have always a 
higher temperature than that of surrounding bodies. 
Radium has been proved to give out enough heat to 
melt rather more than its own weight of ice every 
hour; enough heat in one h our to raise its own weight 
of water from the freezing-point to the boiling-point. 
After a year and six weeks a gramme of radium has 
emitted enough heat to raise the temperature of a 
thousand kilogrammes of water one degree. And this 
is always going on. Even a small quantity of radium 
diffused through the earth will suffice to keep up its 
temperature against all loss by radiation! If the 
sun consists of a fraction of one per cent of radium 
this will account for and make good the heat that is 
annually lost by it. 

This is a tremendous fact, upsetting all the calcu
lations of physicists as to the duration in past and 
future of the sun's heat and the temperature of the 
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earth's surface. The geologists and the biologists 
have long contended that some thousand million years 
must have passed during which the earth's surface 
has presented approximately the same condition of 
temperature as at present, in order to allow time for 
the evolution of living things and the formation of 
the aqueous deposits of the earth's crust. The physi
cists, notably Prof. Tait and Lord Kelvin, refused to 
allow more than ten million years (which they sub

sequently increased to a hnndred million) -basing this 
estimate on the rate of cooling of a sphere of the size 
and composition of the earth. They have assumed 
that its material is seU-cooling. But, as Huxley 
pointed out, mathematics will not give a trlle result 
when applied to erroneous data. It has now, within 
these last five years, become evident that tlie earth's 
material is not self-cooling, but on the contrary self
heating. And away go the restrictions imposed by 
physicists on geological time. They now are willing 
to give us not merely a thousand million years, but 
as many more as we want. 

And now I have to mention the strangest of all 
the proceedings of radium-a proceeding in which 
the other radio-active bodies,. actinium and thorium, 
resemble it. This proceeding has been entirely Ruth
erford's discovery in Canada, and his name must be 
always associated with it. Radium (he discovered) 
is continually giving off, apart from and in addition 
to the rectilinear darting rays of Becquerel, an "em
anation"-a gaseous "emanation." This "emanation" 
is radio-active-that is, gives off Becquerel rays-and 
deposits "something" upon bodies brought near the 

. radium, so that they become radio-active, and remain 
so for a time after the radium is itself removed. This 
emanation is always being formed by a radium salt, 
and may be most easily collected by dissolving the 
salt in water, when it comes a way with a rush, as a 
gas. Sixty milligrammes of bromide of radium yield
ed to Ramsay and Soddy 0.124 (or about one-eighth) 
of a cubic millimeter of this gaseous emanation. What 
is it? It cannot be destroyed or altered by heat or by 
chemical agents; it is a heavy gas, having a mole
cular density of 100, and it can be condensed to a 
liquid by exposing it to the great cold of liquid air. 
It gives a peculiar spectrum of its own, and is prob
ably a hitherto unknown inert gas-a new element sim
ilar to argon. But this by no means completes its his
tory, even so far as experiments have as yet gone. The 
radium emanation decays, changes its character alto
gether, and loses half its radio-activity every four 
days. Precisely at the same rate as it decays the 
specimen of radium salt from which it was removed 
forms a new quantity of emanation, having just the 
amount of radio-activity which has been lost by the 
old emanation. All is not known about the decay of 
the emanation, but one thing is absolutely certain, 
ha ving first been discovered by Ramsay and Soddy 
and subsequently confirmed by independent experi
ment by Madame Curie. It is this: After being kept 
three or four days the emanation becomes, in part at 
least, converted into helium-the light gas (second 
only in the list of elements to hydrogen) , the gas 
found twenty-five years ago by Lockyer in the sun, 
and since obtained in some quantities from rare radio
active minerals by Ramsay! The proof of the forma
tion of helium from the radium emanation is, of 
course, obtained by the spectroscope, and its evidence 
is beyond assail. Here, then, is the partial conver
sion or decay of one element, radium, through an inter
mediate stage into another. And not only that, but 
if, as seems probable, the presence of helium indi
cates the previous presence of radium, we have the 
evidence of enormous quantities of radium in the 
sun, for we know helium is there in vast quantity. 
Not only that, but inasmuch as helium has been dis
covered in most hot springs and in various radio
active minerals in the earth, it may be legitimately 
argued that no inconsiderable quantity of radium is 
present in the earth. Indeed, it now seems probable 
that there is enough radium in the sun to keep up 
its continual output of heat, and enough in the earth 
to make good its loss of heat by radiation into space, 
for an almost indefinite period. Other experiments 
of a similar kind have rendered it practically certain 
that radium itself is formed by a somewhat similar 
transformation of uranium. so that our ideas as to the 
permanence and immutability on this globe of the 
chemical elements are destroyed, and must give place 
to new conceptions. It seems not improbable that the 
final product of the radium emanation after the heli
um is removed is or becomes the metal lead! 

(To be continued.) 

Although the seventeenth century was not charac
terized by any great engineering works, or, in fact, 
by the application of science in the general sense of 
the word, yet the teachers of that period were laying 
the seeds which afterward were to bear fruit. There 
had been great workers in the field of natural science. 
many of them, unfortunately, in opposition to received 
opmlOns. The long struggle of Galileo and his pupil 
Torricelli had by observation established some of the 
simplest laws of gravitation and physics, which ren
dered a just interpretation to be placed upon the teach
ing of Kepler, and formed the basis of the discoveries 
of Newton. In another direction the discoveries of 
William Harvey in the circulation of the blood, and of 
Von Guericke, the inventor of the air pump, were all 
leading up to a wider and a broader view of the laws 
of nature; for it must be remembered that up to this 
period the conceptions of nature were vague in t.hA 
extreme. Ideas of chance and divine interposition led 
even some of the most brilliant thinkers into paths of 
positive superstition. But between 1600 and 1650 the 
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great French writer Descartes, by his writings and 
observations, forced upon the minds of thinking men 
the idea of physical law which presumed to supersede 
the chance speculation of the school men, Conse
quently, we gradually see growing up a study of the 
laws of nature on which afterward were to be based so 
many valuable and brilliant discoveries. 

THE STABILITY OF SUBMARINES.* 
By SIR WILLIAM: H. WHITE, K. C.B., F.R.S. 

TIlE purpose of this paper is to place on record the 
results of calculations made to determine the condi
tions of stability of submarine vellsels in varying cir
cumstances which may occur in service. Accidents 
have happened to many submarines, and in some in
stances have been accompanied by loss of life. After 
investigating possible causes of accident, the author 
was convinced that one of the chief was the singular 

variation in stability and buoyancy produced by 
changes in the draft of water and the "trim" of sub
marines. He was led, therefore, to undertake the de
tailed calculations, of which the principal results are 
now stated and illustrated. 

Either by accident or intention, submarines may 
reach considerable depths below the surface and be 
exposed to severe external fluid pressures. Ample 
structural strength must be provided to meet these 
pressures and to prevent deformation of the vessels. 
In order to fulfill this object with moderate weights of 
structures, submarines are made cigar-shaped, with cir
cular or nearly circular cross-sections. The cigar 
shape is usually somewhat disguised by light super
structures built above the upper surface of the hull 
proper, and carrying decks or platforms, which add to 
the comfort and convenience of the crews when the 
vessels are floating at the surface-in the "awash" 
condition-at their lightest draft. In that condition 
water is excluded from the spaces between the super
structures and the cigar-shaped hulls, and the buoy
ancy and stability are sensibly increased. 

The other extreme condition at the surface is that 
when a submarine has been "trimmed" for diving, and 
floats with a very small portion of her hull above 
water. This is effected by admitting water-ballast into 
tanks specially constructed for the purpose and of 
known capacity. The final adjustments of draft and 
trim durin/li the process of trimming require great care. 
All openings into the interior are closed and secured in 
a water-tight manner before trimming is commenced. 
Water is also allowed to enter the spaces between the 
superstructures and the cigar-shaped hull, and to re
main in free communication with the surrounding 
water, so that the lightly-constructed superstructures 
may sustain no external pressure when the vessel is 
submerged. 

Diving is accomplished by giving the submarine 
headway, and so manipulating horizontal rudders that 
the bow is depressed. The stream-lines developed in 
the water by the onward motion produce downward 
pressures on the upper surface of the hull toward the 
bow; the vertical component of these pressures over
comes the vertical component of the rudder pressures 
an d the small "reserve of buoyancy" which the sub
marine retains, and the vessel moves obliquely down
ward until the desired depth below the surface is 
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reached. The horizontal rudders must be then manipu
lated by a skilled steersman in such a manner that 
further motion (although really along an undulating 
course) is practically at a constant depth below the 
surface. When headway ceases, both rudder pressure 
and stream-line motions disappear, the small reserve 
of buoyancy reasserts itself, and the submarine rises 
to the surface. 

This general statement may be illustrated by figures 
for an actual submarine, resting on official evidence 
given at the inquiry into the foundering of submarine 
"A 8" at Plymouth last year. 

In the awash condition, at the lightest draft o f  
water, the reserve of buoyancy was about 13 tons 
(excl uding the conning tower) , the corresponding dis-
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placement exceeding 200 tons; so that the maximum 
reserve of buoyancy was about 6 per cent of the dis
placement. The minimum reserve of buoyancy ac
cepted for any class of warships at their deep-load 
draft has been about 10 per cent in low-freeboard 
American "monitors," many of which vessels found
ered. For "breastwork monitors" in the royal navy 
the corresponding reserve was 30 per cent of the load 
displacement; for high-freeboard warships and passen
ger steamers it is from 80 to 100 per cent; for cargo 
steamers it varies from 25 to 40 per cent. The con
trast between submarines at their lightest draft, and 
other types of ships at their deepest draft, shown by 
these figures, indicates the acceptance of altogether 
exceptional conditions in submarines, and the neces
sity for their cautious management in the awash con
dition at the surface, when the apertures on the upper 

surfaces are kept open. 
These apertures are closed and secured before the 

vessels are trimmed for diving by admitting water 
ballast. In the diving condition the reserve of buoy
ancy is extremely small. For submarine "A 8" it is 
said to have been 800 pounds, the corresponding dis
placement being about 220 tons. In other submarines 
of about the same displacement the reserve of buoy
ancy in the diving condition has been only 300 pounds 
to 400 pounds. Consequently there is a necessity for 
extreme care in the final stages of trimming. 

The cigar shape of the hulls involves very rapid 
changes in the areas and moments of inertia of the 
planes of flotation, as the draft of water is increased 
in passing from the awash to the diving condition; 
the stability is greatly reduced, and every member of 
the crew has to remain in his station. No weights 
must be allowed to shift. All the conditions, in fact, 
differ from those which prevail in ships of ordinary 
form as they pass from the extreme light draft to the 
cteep load, for in such ships the outlines of transverse 
sections approximate to the vertical, except near the 
bow and stern, over the range between these extreme 
conditions, and the areas and moments of inertia of 
planes of flotation do not vary greatly. 
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These general statements may be illustrated by the 
comparison of a small cruiser of ordinary form with 
a submarine. The cruiser is about 260 feet long at the 
water-line, 37 feet broad, and 14 feet 6 inches mean 
load draft, the corresponding displacement being about 
2,000 tons. The submarine has an extreme length of 
150 feet, is 12.2 feet in extreme breadth, and has a 
displacement of 300 tons in tile diving condition. In 
the light (awash) condition the submarine draws 
about 18 inches less wate� than in the diving condition, 
and has a displacement of about 284 tons. When 
awash the length at the water-line is 94 feet, and 
breadth, extreme, 8.2 feet; when in the diving condi
tion the corresponding measurements are 41 feet 
length and 3.6 feet breadth. These figures differ widely 
from the length of 150 feet over all and 12.2 feet 
maximum breadth. In the cruiser, within the corre· 
sponding range of draft (18 inches) , there is practi
cally no change in length and breadth, extreme, at 
water-line, and these dimensions are practically identi
cal with the extreme dimensions of the vessels. Fig. 1 

illustrates the contrast between the cigar shape and 
the ordinary ship shape. H orizontal measurements to 
the curves on that diagram, at any draft of water, 
measure the area of the corresponding plane of flota
tion, and the number of tons required to immGrse the 
vessel one inch. It is obvious that the small area of 
the plane of flotation at the lightest draft, its rapid 
diminution as the draft is increased, and the critical 
condition when trimmed for diving, all render possible 
the establishment of vertical dipping oscillations in 
submarines by comparatively trifling disturbances in 
the water surface surrounding them. 

Fig. 2 shows the metacentric diagrams for trans
verse inclinations of the two vessels, constructed in 
the usual manner. M M shows the locus of the'meta
center of the cruiser, and B B that of the center of 
buoyancy as the draft of water rises. The curves m, 
m, m, and b, b, b, show the corresponding loci for the 
submarine. The intercept between these curves on any 
vertical ordinate represents the height of the metacen
ter above the center of buoyancy at the corresponding 
draft of water. For the submarine in the awash con
dition this height is 0.32 foot, and in the diving condI
tion it is 0.01 foot. Stability is obtained by disposing 
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the weights so that the center of gravity of the vessel 
and its contents lies below the axis. and in some exist
ing submarines in their diving condition the vertical 
distance between the axis and the center of gravity, or 
metacentric height, is said to be about 9 inches. When 
submerged, this measure of stability, of course, applies 
to inclinations from the vertical in any direction. 

For the cruiser the height of the metacenter above 
the center of buoyancy is 7.7 feet at the load water-
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line, and 8.6 feet for the water-line (18 inches below 
the load) , correspon,iing to the awash condition of the 
submarine. The center of gravity of the cruiser is 
about 2 feet below the metacenter and 5% feet above 
the center of buoyancy in the load condition; the meta
centric locus is nearly horizontal from the load to the 
light condition, and the center of gravity rises a few 
inches as coal and stores are consumed. 

Fig. 3 shows the metacentric diagrams for longi
tudinal inclinations. For the' submarine awash the 
metacenter is 37 feet above the center of buoyancy; in 
the diving condition it is only 1.25 feet above. For 
the cruiser floating at a water-line 18 inches below the 
load draft, the height is 352 feet; at the load draft it 
is 328 feet. Expressed in terms of length over all, 
the heights of metacenters above centers of buoyancy 
are 0.25 and 0.0083 times the length respectively for 
the awash and diving conditions, as against 1.35 and 
1.26 times the length for the cruiser at corresponding 
drafts. These figures indicate the relatively small lon
gitudinal stability of the submarine, and the necessity 
for avoiding any movements of weights when the ves
sel is in the diving condition or submerged. 

Reference has been made above to the effect upon 
stability produced by the addition of superstructures. 
Fig. 4 illustrates this effect for transverse inclinations, 
m, m, being the metacentric locus without superstruc
ture, and mlo m" the locus with superstructure closed 
and water excluded from spaces between it and the 
cigar-shaped hull. In the awash condition the height 
of the transverse metacenter above the center of buoy
ancy is increased about one-sixth by the superstruc
ture. The effect of the superstructure upon longitudi
nal stability is much more marked, as will be seen 
from Fig. 5. In the awash condition, closing the super
structure increases the height of metacenter above the 
center of buoyancy by fully 50 per cent. 

It will be obvious from these diagrams that the 
maintenance of the full reserve of buoyancy is essen
tial to the safety of a submarine when proceeding at 
maximum speed at the surface. In the case of "A 8," 
owing to special circumstances, this condition was not 
fulfilled, and the vessel proceeded at full speed on the 
surface with her ballast tanks partly filled with water, 
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and with only 6 tons reserve of buoyancy, as against 
the maximum reserve of 13 tons. In consequence of 
this deeper draft the longitudinal meta centric height 
was reduced from 12 feet to 8% feet, and the power 
of resisting changes in longitudinal trim was corre
spondingly diminished. Since that accident took place, 
definite orders have been given by the Admiralty that 
the maximum reser,e of buoyancy shall always be 
secured before submarines are driven at full speed on 
the surface. The precaution is obviously necessary. 

When a submarine is in the diving condition, with 
all apertures closed and crew stationed, the metacentric 
height (as above stated) is very small, and the trim 
may be sensibly and rapidly disturbed by small exter
nal forces. Consequently very moderate angles of 
helm given to the horizontal rudders by the operator 
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